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Resumen
Introducción: Envejecimiento está asociado a cambios estructurales en el tejido muscular, que llevan a la perdida de la independencia funcional. La preservación de la fuerza muscular a través del entrenamiento de fuerza, y recientemente, la terapia láser de baja intensidad (TLBI), tiene alta significancia clínica. Objetivo: investigar los efectos de la fotobiomodulación (808nm, 100mW, 35,7 W/cm 2 y 7J) asociado a un programa de fuerza muscular del músculo cuádriceps, equilibrio y capacidad funcional de mujeres mayores. Métodos: 35 mujeres sanas entre 60 y 70 años de edad fueran repartidas en dos grupos: Grupo Ejercicio y Láser Placebo (n = 13) y Grupo Ejercicio y Láser Activo (n = 14). El protocolo de ejercicio consistió en flexión extensión de rodillas seguido de la aplicación de la fotobiomodulación placebo o activa, 2 veces en la semana durante 8 semanas consecutivas. Resultados: mostraron un aumento significativo en el TC6 (p = 0,001), SPPB (p = 0,006) y 1-RM (p = 0,001) en los dos grupos. El programa de entrenamiento de fuerza asociado a la fotobiomodulación activa promovió un aumento significativo, relativo a la evaluación inicial, en el índice de estabilidad medial / lateral derecho (p = 0,007) y disminución en la prueba de riesgo de caída (p = 0,005). Conclusión: El entrenamiento
de fuerza produjo un aumento significativo de la fuerza muscular y funcionalidad, incluso cuando se combinó con la fotobiomodulación fue significativo en promover estabilidad postural y disminución del riesgo de caída.
concentration of creatine kinase (CK) and lactate levels, and improved anti-oxidative capacity [18, 19] these effects could potentiate muscular performance during physical exercise. Furthermore, the literature described that PBM associated to physical exercise significantly decreases muscular fatigue, increases the number of maximal voluntary contractions and produces a faster muscle recovery in young people [18, [20] [21] [22] [23] .
Despite all the positive evidences of the association of exercise and PBM on the increase of muscle strength and fatigue levels, there is a lack of studies investigating the effects of PBM from a practical and clinical standpoint. This interaction could prevent muscle fatigue and enhance muscle strength as demonstrated in a previous study [24, 25] . Moreover, it would provide benefits to improve the functional and balance capacity, within a population.
Therefore, no study focused on physical exercise associated with PBM on balance and FC in older people, thus this study is pioneer. The benefits of PBM associated with a strength-training program would lead to an improved performance and decreased disability and risk of falls.
Based on the positive effects of PBM in muscle tissue, it was hypothesized in this study that PBM would be effective in increasing the quadriceps strength and would concomitantly increase the functional capacity and balance in older women. In this way, we conducted a study to investigate if laser irradiation would provide an additional stimulus to the strength training in the muscle tissue, functional capacity and balance in older women.
Methods
Subjects
The present study is a prospective, placebocontrolled, double blind, and randomized clinical trial. Subjects were informed about the purpose and procedures of this study and signed an informed Consent Declaration before their participation in the experiment. Volunteers were recruited through newspaper and radio, from 2013-2014 and were invited to participate in the study. Also, volunteers underwent clinical examination (age, body mass, height, IPAQ) and electrocardiography (EKG) from a physical therapist and an experienced cardiologist, respectively.
Introduction
Aging is associated to a dynamic and progressive decline of different systems [1] . One of the most relevant impairments, is related to neural and muscular changes, such as the decrease in the number and size of muscle fibers, increased concentrations of catabolic hormones, changes in actomyosin structure and infiltration of adipocytes into muscle fibers [2, 3] . These changes cause a decrease in muscle strength and muscle mass that triggers a decline in functional capacity, as well as leads to the increase in the risk of falls and fractures and physical disabilities [2, [4] [5] [6] .
The functional capacity (FC) refers to the capacity of performing activities of daily living without help, despite the presence of comorbidities [7, 8] . In the aging process, the evaluation of FC is relevant for clinical assessment, as an indicator of life's quality and also as a planner for medical interventions [9] [10] [11] [12] .
Physical exercise programs are one of the most effective strategies to increase FC, maintain and improve muscle strength and prevent falls [13, 14] . This happens because the lack of physical exercise induces anabolic resistance, mitochondrial dysfunction, and apoptosis, and as a vicious cycle, this process generates a state of sarcopenia [15] . Thus, the interruption of this cycle is vital for maintaining the functionality of the elderly people.
The National Health Policy for the Elderly Guideline states the "active and healthy aging", that supports the importance of physical exercise training programs focusing in lower limbs to increase the mobility and maintaining functional independence [7] . Beyond physical exercise, studies have focused on therapeutic interventions capable of attenuating the deleterious effects of aging, resulting in an increase of physical performance and consequent FC, such as photobiomodulation (PBM) .
PBM therapy has demonstrated efficacy in muscle bioenergetic activation by promoting photochemical and photophysical events, providing energy availability for cellular activities [16] . The irradiation promotes an increase in cellular metabolism and stimulates the mitochondrial respiratory chain, specifically complex IV, promoting changes in cellular redox status by photodissociation of inhibitory nitric oxide (NO) leading to increased oxygen consumption and activity enzyme ATP production [17] .
Previous clinical research demonstrated the positive effects of PBM therapy on muscle including decreased (PG) -subjects who were submitted to strength training and placebo laser or Active Group (AG) -subjects who were submitted to strength training and active laser.
Treatment procedure
Strength training program
The first session of the strength training program started 48 hours after the last 1-MR evaluation. All procedures were based on the American College of Sports Medicine Guidelines [13] . Both groups were submitted to a dynamic strength training program that consisted of a knee flexion-extension exercise with 60-80% 1-MR in a chair (Leg Extension Selection -TechnoGym ® ), performed twice a week for 8 consecutive weeks. During the training protocol, every 2 weeks, the 1-MR was evaluated to adequate the loads to each volunteer. The intensity corresponded to 60% of 1-MR in the first and second weeks and to 80% of 1-MR in other weeks [14] . Each session lasted approximately 30 minutes.
PBM Intervention
Immediately after the end of each session, the AG received active PBM and PG received placebo PBM to the rectus femoris muscle. A laser AsGaAl (Photon Laser III; DMC ® São Carlos, SP, Brazil) was used with the following parameters: λ= 808 nm, continuous mode, 100 mW, 7 J per point, 56 J total energy, 0.028 cm² spot size, 250 J/cm² diode energy density or fluency, 35.7 W/cm² diode power density and 70 seconds at each point. The irradiation parameters were based on the previous study of Higashi et al. [26] . PBM was applied using the punctual contact technique with beam applied vertically, in 8 points distributed over the muscle belly of the rectus femoris of the dominant limb. In order to standardize the laser application, the treatment points were placed at 25%, 35%, 50% and 75% of the total measurement obtained between the spine anterior superior iliac and superior border of patella, bilaterally, with 2 centimeters of distance between each point. Volunteers used dark laser goggles for eye protection. The dominant limb test [27] determined the lower limb irradiated (PBM placebo or active).
Inclusion Criteria
The inclusion criteria were healthy female aged between 60 and 70 years, BMI between 18 to 27 kg/m2 and classified as active, who performed physical activity with a frequency of at least 5 times a week or totaling a minimum of 150 mins per week, according to Criteria established by the International Physical Activity Questionnaire -Short Version (IPAQ), reported by the participants. All volunteers demonstrated medical statements attesting that they were capable to join a program of physical activity.
Exclusion criteria
Volunteers were excluded from the study if they met any of the following criteria: any previous musculoskeletal injury to the quadriceps femoris, diagnosis of lung diseases, uncontrolled hypertension or diabetes, and orthopedic or rheumatic diseases, fibromyalgia or pain that may prevent the physical exercise. After entering the study, subjects who did not comply properly with the training routine, did not attend two consecutive training sessions or developed any osseous or muscle or articular injuries weren't included.
Randomization
An experimental design with two groups was used. This study was planned in a prospective, placebo-controlled, double-blind, and randomized clinical trial. The researcher (1) responsible for the randomization was instructed not to communicate the type of treatment given to either the volunteers. The other researcher (2), who applied the laser, was blind to the allocation. To ensure the complete blinding of the researcher (2) who applied the laser, they were instructed not to remain in the laboratory while researcher (1) prepared the laser therapy through an adjustment device. Beside this, a blindfold was used in the laser probe. All volunteers and the researcher responsible for data analysis were blind about the treatments. The volunteers were allocated into one of two groups using a table of random numbers from a computer program (Microsoft Excel 2010). Included volunteers were randomly allocated in Placebo Group position five times. Each test score ranges from 0 to 4, according to the time held in each task. The final score ranges from 0 (dependent) to 12 (good performance).
Balance Test
The Biodex Balance System SD ® (Biodex, New York, EUA) was used to evaluate postural balance. The system is a reliable test for the evaluation of balance in healthy people above 50 years old [31] . In this study, it was used two different protocols, the Fall Risk Test and the Postural Stability Test. Both protocols were adjusted in level 8, for three times with twenty seconds duration each. The volunteers were oriented to keep their eyes open and their hands at the side of their bodies; in case of fall risk they were oriented to keep their hands on sidebars for safety. The software estimates a "Stability Index" from the changes in the center of gravity: the overall stability index (OSI), anterior/posterior stability index (APSI) and medial/lateral stability index (MLSI), in static condition in both and right leg.
Statistical analysis
All the subjects performed the same evaluations and procedures, except the application of placebo or active PBM. The allocation procedure was concealed from participants and the researcher who applied the laser active or placebo. To evaluate the difference between the variables realized in the groups and evaluations, it was used the analysis of variance model for experiments with repeated measures and the Bonferroni's method for multiple comparisons. The significance level was set at p ≤ 0.05.
Results
Fifty-six volunteers were evaluated. From these, 35 volunteers were selected to participate according to the inclusion criteria and were randomly allocated in two groups: PG and AG. During the period of the study, eight subjects were excluded for the following reasons: six subjects did not attend in two consecutive training sessions and two subjects were sick during training
Assessment Procedure
All participants underwent clinical examination that was performed by the same researcher. The physical therapist that performed the clinical evaluation of the patients was blinded to the group assignment. All the volunteers were evaluated before and after 8 weeks of interventions. The evaluation included:
1-MR Test
The value of 1-Maximum Repetition (1-MR) was obtained to quantify the strength for knee flexionextension of the volunteers. Before the test, all individuals were familiarized with 3 sessions of the test [28] . For the 1-MR Test, volunteers were instructed to perform one single knee flexion-extension with a maximal contraction force in an extensor chair (Leg Extension Selection -TechnoGym ® ) and loads were used to find the maximum load performed in just one repetition. If weight was not determined in the five trials of this session, test was re-scheduled to avoid muscle fatigue influence on determining 1-MR.
Six-minute walk test
All the volunteers underwent the basal 6MWT to assess functional capacity of exercise. The 6MWT was performed in a 30 meters corridor according to the standardized procedure of the American Thoracic Society [29] . During the test, the patients had to walk 6 minutes at a self-chosen walking speed and they had to try to overcome as much distance as possible, without running.
Short Physical Performance Battery (SPPB)
SPPB was used to evaluate the performance of lower limbs in three aspects: muscle strength, gait and balance [30] . The test consisted of three small tests: the first assesses static balance in three positions (the feet together in side-by-side, semi-tandem and tandem positions); the second assesses gait speed, timing how long it takes to go three meters at a normal pace; the third evaluates the strength of the lower limbs, clocking time to rise from a chair and return to the seated After the experimental period, the intragroup evaluation demonstrated a significant increase of 26.6% (PG) and 40.3% (AG) in the distance walked in 6MWT (p = 0.001). However, post-training program evaluations showed no significant difference between the groups (p = 0.175) ( Figure 3A) . Figure 3B demonstrates in the intragroup evaluation that both groups showed a significant increase of 0.65% (PG) and 0.91% (AG) in the SPPB score after strength training program (p = 0.006). Nevertheless, there was no significant difference in SPPB between groups in the intergroup evaluation (p = 0.534). program. Thus, the final sample size was 27 volunteers, as shown in Figure 1 . In Figure 2 , data analysis demonstrated that both groups showed a significant increase of 21.7% (PG) and 24.8% (AG) in 1-MR after the strength-training program (p = 0.001). However, there was no significant difference between the experimental groups (p = 0.633). Photobiomodulation and physical exercise on strength, balance and functionality of elderly women 7
Page 07 of 10 (p = 0.192). In the intragroup analysis, only the active laser group had a significant improvement on medial/ lateral direction in right leg (p = 0.007).
The Postural Stability Test indexes are shown in Table 1 . The variables evaluated did not demonstrate an intergroup difference after strength training program 
Discussion
The present work investigated the effects of PBM associated with strength training on muscle strength, functional capacity and balance in older women. The results showed that both experimental groups (placebo and active) presented an improvement of the muscle strength and functional capacity after the strength-training program. However, no difference was observed between the two groups at the end of the experimental period (intergroup evaluation). Interestingly, the Fall Risk Test and Postural Stability Test demonstrated that only the trained active irradiated group had a significant decrease in the risk of falls and in the stability index of medial/lateral direction in the right leg after the experimental period.
In this study, a significant increase of 1-MR values was observed for both experimental groups, without any statistical significant difference between the active and placebo lasers. Despite this lack of statistical difference between groups, the percentage of increase for the active group was higher than the placebo group, indicating a tendency of positive effect of PBM on the stimulation of trained muscle tissue. Ferraresi et al. [32] observed a significant increase in muscle strength in trained irradiated healthy men measured trough the leg-press evaluation. Moreover, Toma et al. [24] observed that the mean number of repetitions performed during a fatigue protocol was higher when older volunteers received active PBM in comparison to the condition using placebo irradiation. In the study, the tendency of higher 1-MR values in the laser-trained irradiated women may be related to the stimulatory effect of PBM on cellular bioenergetics and ATP synthesis, which contribute to the increased of cellular energy [16, 22, 32] .
Furthermore, the 6MWT showed that both groups performed higher values of distance walked after the experimental protocol when compared to the basal data. Our results support the statement of the positive effects of strength training for the improvement of the functional capacity in older people [33] . In 1-MR evaluation, the laser-trained group showed a higher increase in the percentage of the distance walked in the 6MWT when compared to the trained-only group (increase of 40.3% and 26.6%, respectively). Ferraresi et al. [32] state that PBM is capable of accelerating the removal of lactic acid produced during exercise, contributing to lower lactate accumulation and increased energy availability during exercise. This fact, associated to higher muscle metabolism, may be responsible for the longer distance walked in trained-irradiated volunteers.
Data from the SPPB evaluation demonstrated that both groups had an improvement of the functional ability in the lower limbs, which is probably related to the increase in lower limb muscle strength due to the exercise training. The improvement in the capacity of performing functional activities influences the ability in ADL, improving the quality of life [2] . In the same way, PBM did not have any extra effect on the parameters evaluated by SPPB when compared to the trained-only group. for therapy were long, due to the spot diameter and area used in PBM being small. Additionally, our study contained short-term effects; thus, other studies should investigate the long-term effects of PBM.
Conclusion
In this study, the exercise program (associated or not with PBM) produced an increase in the muscle strength and functional capacity. Further, the association of strength training and active PBM showed a significant improvement in medial/lateral Postural Stability of right leg and decrease in Fall Risk, demonstrating the positive evidences of these treatments in older women. Those findings open a window to clinical applications; however, more studies are necessary to clarify the parameters of PBM and their application in elderly people.
The Fall Risk Test demonstrated that the lasertrained group presented significantly better results than the other group, demonstrating a decrease in the risk of falls in the AG. This test is effective in measuring the risk of falls [34] . Furthermore, according to Scott et al. [35] the quadriceps muscle strength is a clinically relevant predictor of risk of falls and it is well established that a stronger quadriceps contributes to the decrease of the rate of falls in older people. Additionally, a previous study demonstrated the positive correlation between balance and quadriceps strength in osteoporotic older women [36] . Thus, the improved result presented by AG in this test may be related to the higher percentage of quadriceps strength gain.
The evaluation of the Postural Stability Test demonstrated that only the active irradiated group had a significant improvement on medial/lateral direction in right leg (p = 0.007). Medial/lateral stability index assess the horizontal fluctuations along the medial lateral axes [37] . In a previous study, the increased amount of oscillation in the medial/lateral direction was a sensitive predictor for functional capacity of older individuals [38] . In this context, it can be suggested that the association of the strength training and laser irradiation produced an improvement in the motor units recruitment and in the firing frequency of motor neurons, culminating in the enhancement of this variable and consequently, in the functional capacity [23] .
The PBM parameters used in this study were based on previous studies that demonstrated positive effects of irradiation in muscle performance in older women after a fatigue protocol [24, 39] . In this study, the infrared wavelength was used based on its higher penetration power compared to red wavelengths [40] .
As exposed above, it is of high importance to study strategies to increase muscle strength and performance in older people, decreasing the risk of falls and mortality [14] . Given the aging of population, the related benefits of PBM associated with a strength training program would provide not only a higher muscle performance and lower incidence of falls but also, improvement in quality of life. The present study was a pioneer in investigating the effects of PBM on strength and functional parameters in older people.
Study limitations
PBM was applied in only one of the lower limbs, although both lower limbs have been involved in all evaluations; the area of irradiation and time spent
